Introduction
Skull base surgery is a highly specialized area covering the anterior and lateral compartments, and it is well understood that this field encompasses challenging anatomy and pathology. Tumors of the anterior and lateral skull base (TALSB) have diverse pathologies, with the most common skull base tumor being pituitary adenomas, which have an estimated incidence of 2.7 cases per 100,000 annually.
1 Vestibular schwannomas (VSs) are another common tumor originating in this area and have an incidence of 0.7 cases per 100,000 annually. Sinonasal/anterior skull base cancers (SASBC) have an incidence of 0.6 cases per 100,000 annually. 2, 3 In terms of TALSB, these three skull base entities make up a significant number of cases every year, and despite their relatively small numbers in comparison to more prevalent diseases affecting
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Abstract
Objective Tumors of the anterior and lateral skull base (TALSB) are relatively rare but can be devastating to patients. By examining trials focused on TALSB, we can characterize the studies that predominate and better understand current directions of study. This gives us a better understanding of future studies to pursue. Study Design This is a retrospective analysis. Settings We set skull base tumor clinical trials in the United States which are listed in ClinicalTrials.gov. Subjects and Methods We used the information available on ClinicalTrials.gov to identify trends in clinical trials studying sinonasal/anterior skull base (SNASB) tumors, vestibular schwannoma (VS), and pituitary tumors. The publication rate for these trials was examined using PubMed.gov. Results Of the 71 trials analyzed, 83% investigated treatments for pituitary tumors, 16% for VSs, and 1% for SNASB tumors. Drug studies comprised 90% of all trials, while 9% included radiation therapy in their treatment and 10% included and surgical component. Overall, 64% had their results published in a peer-reviewed journal. Conclusion Among TALSB clinical trials we analyzed, they are weighted heavily toward drug trials. Radiation therapy and surgery, common treatment modalities, are underrepresented in clinical trials. There is a gap between the trials conducted and the rate of reporting, with an emphasis on positive results.
human health, their proper treatment and study has important public health implications.
Although treatment outcomes for these tumors (pituitary tumors including adenomas, VS, and SASBC) have improved significantly during the last decades, 4 there are still areas for refinement and improvement of the current protocols. We sought to understand the trends in clinical trials for these TALSB, which can help guide future research to accelerate progress in patient survival and outcomes.
Methods
Given its position as the primary repository of clinical trials in the United States, ClinicalTrials.gov was used as the data source. We limited our search to include interventional clinical trials of SASBC, VS, or pituitary tumors, and excluded observational studies. Interventional studies were defined in accord with prior definition where "participants are assigned to receive one or more interventions (or no intervention) so that researchers can evaluate the effects of the interventions on biomedical or healthrelated outcomes." 5 We also limited our search to closed studies that had finished recruiting, and only those studies occurring in the United States. We therefore cannot comment on trials occurring outside of the United States.
Variables
The study title, phase, enrollment, sponsor, study design, status, results reporting, and all relevant dates were compiled from ClinicalTrials.gov. The data were reviewed to ensure a trial was for one of SASBC, VS, or pituitary tumor. We identified publications linked to each clinical trial using a systematic approach. First, we checked the "publications" variable on each trial's page, which links National Clinical Trial number to resultant publication, and where investigators are encouraged to report the publications from their trial to ClinicalTrials.gov. If no publications were reported, we then performed a PubMed search using title, treatment, disease, enrollment number, dates, principal investigator, study site, phase, and trial design. The current study's authors each performed searches on missing publications to help reduce the risk of inadvertently missing publications. Positive result publications were defined as any publication that listed an objectively positive outcome from the treatment trial. Any noninferiority result was counted as a "positive study," as the conclusion of every noninferiority result was that further research needed to be performed on that specific treatment modality.
Results

General Characteristics
There were 71 trials, dating from 1995 to 2016, that met criteria for analyses. The key trial characteristics are summarized in ►Table 1. The mean enrollment number was 61 participants, median 33 with range of 1 to 358 participants. About 47% of trials were funded by the pharmaceutical industry, while approximately 19% were funded by National Institutes of Health.
Trial designs were reported incompletely, but of those with data, we found 64% were randomized, 39% used a parallel group, and 14% were double blinded.
Of trials whose phase was reported, 13% trials were Phase 1, 37% Phase 2, 34% Phase 3, and 16% Phase 4 (data not shown).
Results Reporting
We defined a 2-year time frame from the conclusion of each trial to represent a timely publication of trial results, thus trials with completion dates less than 2 years ago were excluded from results reporting analysis. Of the 51 eligible trials, we found that 65% had their results published in a medical journal (►Table 2). These journal publication rates are higher than those found in previous studies of clinical trials outcomes reporting. [6] [7] [8] [9] We found that 91% of the publications reported positive results. Of all 71 trials, 20% had their results reported directly on ClinicalTrials.gov, a substantially higher percentage than found in previous studies.
10
Discussion
Our analysis of skull base tumor clinical trials represents the most comprehensive assessment of the efforts to improve treatments for these tumors, as cataloged in the largest published database, ClinicalTrials.gov. By examining focused pathologies affecting the skull base, we have targeted those tumors which were specific to that area. The authors recognize that focusing on these specific tumors (pituitary tumors, VS, and SASBC) does not encompass all pathologies that may affect the anterior and lateral skull base. However, the study of other pathologies (e.g., meningioma) does not focus on those centered at the skull base. Our search did encompass any study involving the skull base exclusively, regardless of pathology, and validated our focusing on these selected pathologies. This is an important point as skull base tumors carry a significant health burden to patients, owing to the biologic behavior of tumors in this area and the complex anatomy of this area encompasses. For these reasons, our focus on these tumors helps give a better understanding of the efforts to study the treatment of TALSB. In our analysis, we found several important findings. Numerous trials on ClinicalTrials.gov included anterior skull base cancers (chordomas, esthesioneuroblastomas, melanomas, or squamous cell carcinomas of the skull base) in a recruitment protocol also containing disparate other tumor types (lung cancer and colon cancer). There was only one registered clinical trial looking specifically at SASBC, and this was for sinonasal cancer. Furthermore, in a PubMed search for SASBC, there are several publications on retrospective studies, case series, and reviews, but no publication on a clinical trial. This means that more organized trials looking at SASBC should be implemented to better identify specific treatment modalities for this complex group of cancers.
When looking at all TALSB trials, the majority of them studied drug treatments. Only 10% of trials including a surgery arm, despite surgery being a mainstay of treatment for skull base tumors. Another commonly used modality, radiation therapy, was used in 9% of trials. As pointed out in our article on head and neck cancer, 8 the cost of adding surgery and radiation to trials may be high, and trials primarily focusing on drug treatments may not have incentive to add further treatment arms, but we would recommend there be more balanced representation of standard-of-care therapies in skull base tumor trials. The efficacy of certain surgical and radiation techniques cannot be reliably validated without comparison to accepted treatments. Another important finding is the gap between trials conducted and results reported in the peer-reviewed literature.
Rates of results reporting in our study on skull base tumor clinical trials, approximately 65%, are actually higher than those uncovered in previous investigations. [6] [7] [8] [9] However, it still remains that one of every three trials have not reported their results. In addition, 91% of the trials that did make it to publication were found to have positive results. It can be inferred from this that the majority of trials not making it to publication found insignificant, or "negative," results. This phenomenon has been well documented in previous studies on the subject. [11] [12] [13] [14] [15] It is clear that some trials are not published because investigators or journals deem them to not add substantially to the scientific body. Yet, we would recommend reporting all results from trials, as it would allow other investigators to learn from past studies, whether successful or unsuccessful, to avoid repeating the same protocols and to work on improving study methodology.
Limitations
Although the data collected and analyzed are robust in the present study, there are limitations. The first limitation of our study was only allowing 2 years for the publication of trial results. Past research suggests that higher rates of publication occur as more time passes after trial completion. 16 Yet, we believe that 2 years is a cutoff for timely dissemination of results.
The goal of releasing trial data are to benefit current research and physician practice by keeping the medical community updated on the most recent findings. Delaying publication increases the chance that new trials using similar treatment regimens may be inadvertently initiated. This is not entirely within the control of the investigator, as the peer-reviewed process may also contribute to the delay of publication. Another limitation of our study is our exclusive reliance on data from ClinicalTrials.gov for our analysis. The information stored on ClinicalTrials.gov is entered by the primary investigator or sponsor of each clinical trial, and the National Library of Medicine (NLM) does not currently have a mechanism to review it for veracity. This leaves the door open for errors in reporting that could have altered our results. To reduce this risk, we matched variables reported in publications with those reported on ClinicalTrials.gov. The major discrepancy we found between the two was the reported enrollment number.
Furthermore, it is possible that trials are not registered with ClinicalTrials.gov and would not be included in our analysis. ClinicalTrials.gov is a public registry Web site maintained by the NLM within the NIH. The site provides the largest and most comprehensive public access database for clinical trials in the United States. In September 2005, the International Committee of Medical Journal Editors required all ongoing clinical trials and newly initiated trials to submit their information to a registry to have their results published in a participating medical journal. Given ClinicalTrials.gov is the primary registry used in the United States, it is reasonable to assume most U.S. clinical trials from 2005 beyond have been logged in this registry. To be thorough, we performed a separate search of PubMed.com for publications of clinical trial results for anterior skull base tumors, pituitary tumors, and VSs and did not find any U.S. clinical trials that were not already logged on ClinicalTrials.gov. We would strongly encourage all investigators to use this resource and register their trials, even when not deemed mandatory to do so. This would better serve the public good by making trials visible to potential subjects, with hope that appropriate enrollment would lead to an impactful study and better use the resources deployed in conducting a clinical trial.
Another potential limitation of our study was the use of PubMed to identify publications linked with each trial. We acknowledge that there are other forums for dissemination of information about trial results. However, PubMed is a wellrecognized, highly used, and publicly accessible database for peer-reviewed medical research. Given the amount of data contained in this database, accessibility, and government mandates for use of PubMed.gov, this makes the site the most appropriate resource for data mining of this nature.
Conclusion
We found significant underreporting of results in skull base tumor clinical trials, though less than previously reported in past studies, including our own previous reports on head and neck cancer. 8, 9 Of the trials published, more than 90%
reported positive results. We recommend the registration of all trials with ClinicalTrials.gov. Furthermore, we recommend publication of all clinical trial results, regardless of whether the outcomes are positive, negative, or neutral. Publication of all results, including neutral and negative results, could help future clinical trial investigators plan and design their studies. They could learn from past study protocols and treatment regimens which failed, avoiding repeating those studies and exposing trial participants to ineffective or unsafe treatments. Surgery and radiation were used in a small percentage of trials, despite being a mainstay of treatment for most skull base tumors. We understand that the cost of adding these therapies in clinical trials is significant, yet we recommend that their inclusion in more trials to arrive at more balanced and validated therapeutic recommendations.
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